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This davestigation was unferinken o develop a now, rapid

and scecura’o mathed for tho detesn’z=ilon of nlirate Ja cca water,

bassd upon the polarographic redusiion of nitrase in the prescuce of
uranyl lonse
IS has been found thet guife s Jons drypress the reduciion
-~

2t

carrent by a d=finlte proportion doponiitg on e chlorinidy o whe

o

we'isr somplo. For chlepinitios in 1he rangs of 14 ©o 19 ©/ce, this
aflset is ratber constant. Fluorlde ider{eres elvongly wiith the reduge
Hlon of ndtrats, Lut tho use of alwiw:a er eiv:onyl calis oy satlofac-
toily eliminats tkls elfect., OCthnr ntorferiny ioms and tlo ssloction
or sressrvatviva have algo been dissueng:d, A mocedore for the astormie
natlon of nltrate in epog water has w01 propoceld and 1ts valldity iesled.
{ has been concluded that Uhie metbad canr bo used to detormine

alirate in gee Wwater of varicus TFDCS.
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Nitrate plays an importent role in sea water although present
in very emall amount. It is considered one of the mutrient salts upon
which the biological activity in the sea depends. Ecological studies
involving the nutrient salts necessitate extensive surveys and numerocus
analyses. Methods for obtaining such data need be simple, rapid, sensi-
tive and acourate. However, such a method for nitrate has been lacking
and ecological studies involving nitrate analyses of sea water have been
discouraged. Previously reported data on nitrate have been obtained
mainly by the colorimetric "reduced strychnine™ method of Harvey (1929).
This method has been investigated and revised “y Zwicker and Robinsen
(1944) but at the best it is not convenient and the reliabllity of the
results may be questioned, though apperently they sre reasonably accurate.

In the present investigation, there has been developed a new
method of determination of nitrate in sea water, based upon the polaro-
graphic reduction of nitrate using uranyl ions as catalyst. The catalytie
effect of uranyl was first reported by Kolthof?, Harris end Matsuyama
(1944). The polarographic determinaticn of nitrate with zolybdate as
the catalyst has also been reported by Johnson and Robinson (1952) but
lacked the sensitivity demanded for the determination of the small amounts
of nitrate present in sea water,
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AEEARATUS

The polarographic data were obtained with a Heyrovaky Micro-
polsrograph, Model X, calibrated by the method of Kolthoff and Lingane
(1946) » An H~ghaped electrolytic cell (Lingane and Laitinen, 1939) with
a saturated calomel reference elestrode as ome arm connected by a potas~
sium chloride bridge was used. The capillary cheracteristic, n?/> t V6,
was 1,30 mgz/ 3 sec'l/zo The electrolytic cell was immersed in a thermo-
stat adjusted to 25.0 % 0.1% by a "merc-to-merc" thermo-regulastor and a
"merc=to-merc" relay box (Precision Seientific Co.).

All chemicals used in this investigation were of reagent
grade. The various solutions were prepered with distilled water.
1, Urauyl Acetate Solution. 0.8{84 gram of uranyl acetate cxrystals,
U0,(CH5C00) »<2H,0, was dissolved in water to ome liter. The concentrationm
of uraryl ion ir this solution was 2,00 x 103 K,
2. Aluminum Chloride~Hydrochloric Acid Reagenti. 32.2 grams of aluminum
chloride crystals, AlCl3.6H30, and 83.3 ml. of 12 N hydrochloric acid were
added to water and diluted to one liter. This reagent was 1 M in hydro-
chlori¢ acid and 0,13 M in elumimm chloride,
3. FMuoride-free Synthetic Sea Water., This wes prepared according to
Robinson and Spoor (1936) by dissolving per liter 23.38 grams of sodium
chloride, 3,9066 grams of anhydrous sodium sulfate, 0.7455 gram of potas-
siun ehloride, 10,676 grams of MgCly-6H0 and 1,47 grams of CaClsc2H0.
Thia synthetic sea water had a chlorinity of 1< parts per mills (°/oo)

.2‘.




and the concentrations of the variocus salts were as follows: 0.40 M in
sodium chloride, 0.0273 M in sodium sulfate, 0.0525 M in megnesium chlo-
ride, 0.01 M in potassium chloride and 0.01 M in caleium chloride. Syn-
thetic sea water with lesser chlorinities was made by diluting this
solution with appropriate amountes of distilled water.

4. Synthetic Sea Vater containing Fluoride. This was made by dissolv-
ing in the above solution 0.0029 gram of sodium fluoride per liter. The
resulting concentration of fluroide ion was 7 x 1077 N,

5. Standard Nitrate Solution, A 0.00200 N sodium nitrate solution was
used as the standard for nitrate,

EXPERIMENTAL

Polarograms were obtained after the dissolved oxygen in the
various solutions had been driven off ';'Lth nitrogen gas. The current
due to nitrate was obtalned by measuring the current at ~1.2 v. vs. S.C.E.
and subtracting the current of an uranium blank. All potentials reported
in this work have been referred to the saturated calomel electrode, S.C.E.

1. Polarographic Reduction of Nitrate in Fluoride-free Swnthetlc Sea
Rater h .

Kolthoff et al. (1944) investigated the polarography of uranium
and found two waves in acid solution indicating reductions of uranium VI
to uranjum V and uranium V to uranium III. They also found that, in the
presence of uranyl ions, nitrate was reduced to nitrogen gae at potentials
vhere the second uranium wave occurred. They offered the explanation that
the uranium III formed at the cathode acted as an "activator" for ths
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reduction of nitrate. A typleal polarogram was shown in their peper.

They also reported tnatl thers was a linear relationship between the reduc-
%3on current and nitrate concontration when the uranyl concentration was
sbove a ceritein limiting velue which varied depending upon the nitrate
concantration.

Since in sea water ths nitrate content ranges from zero %o
abou’ 70 pgratoms per liter, e uranyl concemtration of 1 x 10~4 ¥ would
s needed for application of this method on the basis of the work of
Kolthoff et al, The reduction current should thea be direchly proportional
%o the nitrate concentration for the rangs lmvolved,

Preliminary investigaticas were mado with soluilions containing
various amcunts of nitrate in 0.2 M ecdium chloride and clso in fluoride-
fros synthetic ssa water. To a 100 ml. portion of each solution were
added 5 ml. of uranyl soluiion srd 1.5 ml., of 1 M bydrochloric acid and
the polarogrom then $eken, The resulits, recorded in Tables I and II and
plotied in Figurs 1, indicate that the current is proporiional to <ihs
nitrate concentration in oither medlum. Ths datza obtailned with nitrats
in 0,2 M sodium chloride solutlons agree very well with those roported by
Kolthoff, Harrle and Mateuyamae. 1% should bs ncted that the current in
synthetlc ses water is asomewhat losgs than in the sodium chloride mediun
due to the effect of sulfate. The half«wave potential of the sscond
uranium wave was also found to be shifted from -0.95 v, to =1.0} v. vs,
S.C.E. in the prosonce of sulfate, The offect cf sulfatc on the reductlon
curront of nitrete was iuvestigated furthor in cymthetlce sca vater medla
of warylng chlerinition. Sloce there ic a definide ratdo between the

chiorlalty and sulfoie concaniretion inm see watecr, the amount of sulfate

Mé(—v
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TARLE 1
Diffusion Current of Nitrate in Sodium Chloride Solutions
0,015 M hydrochlor}p 37%F, 0.2 ¥ sodjum chloride, 1 x 10™4 X

uranyl acetate, m2/3¢1/6 = 1,30 sec~1/2, residual current
at ~1.2 v, v8. S.C.E. ® 0,734 microamperes,

Nitrate Cone'n Diffusion Curvent K' =1/C K = 1/tn?/341/6
ng-at./1, for Nitrate, ja pa/ugrat./l.
(x 102) (x 102)
2,0 0,037 1.85 1.42
6.0 0,110 1,67 1,28
10,0 0,175 1.75 1.35
20,0 0.356 1.78 1,37
30,0 0,527 1,76 1035
40,0 0,78 1.7 1.38
70.0 1,242 1.77 1.36
100,0 1,699 1.70 1.31
Average value 1.76 1.35



TABLE 11
Diffusion Current of Nitrate in Synthetic Sea Water Solutiems
0.015 ¥ hydrochloric acid, synthstic sea water, Cl °/oo 3 19
hy: ) 3739}% _{ s

1 x 104 M uranyl acetate, m = 1,30 ng?/see-1/2,
residual current at -1.2 v. vs. S.C.E. = 0.734 microanperes.
Nitrate Comc'n Diffueion Curremt  K' = 1/C K = 1/cu2/341/6
ngeat./1. for Nitrate, ua  jna/ug-at./l. (= 102)
(x 102
1.0 0.022 (2.2) (1.69)
2.0 0.029 1.45 1.12
4.0 0.060 1.50 1.15
5.0 0,081 1.62 1.25
6.0 0.093 1.55 1.19
10.0 0.154 1.5 1,19
20.0 0,304 1.52 1,17
30.0 0.458 1,53 1,18
40.0 0,602 1.5 1,16
70.0 1.026 1.4% 1.13
100.0 1,495 1.50 1,15
Average value 1.52 1.17
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PMgure 1, Calibration Curve for Nitrate in Presence of
Uranyl in Sodium Chloride and in Synthetic Sea
Water Solutions.

Yfge At 0.015 M hydrochloric acid, 0.2 M sodium
chloride, 1 x 104 M uranyl acetate.

Curve B: 0,015 M hydrochloriec acid, s{nthatic sea
water, C1 %/o0 = 19, 1 x 104 M uranyl
acetate, '

Current measured at =l.2 v. vs., S.C.E.
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was varied accordingly. It was found that variations of chlorinity in
the range of 14 to 39 /oo had very 1ittle effect on the current, When
the chlorinity becene less than 14 °/oo, the current increased es the
chlorinity decreased, Since in natural sea water the chlorinity is
normally within the range of 1, to 19 ®/oo, 1t was considered feasible to
obtain callibration data using a synthetic sea water of chlorinity of
19 ®/co. The nitratie concentration in actual sea water may be obtained
by using the calibration curve, the lower curve in Figure 1, or by ueing
the following equation derived from the Ilkovic equation (Ilkovie, 1934):
1z (1,17 x 1072) (=2 >s16) (),
whore 1 is the observed diffusion current due to nitrate in microamperes;
m?/3t1/6, the capillary characteristies; and C, the concentration of
nitrate in the samp.e in microgram-atoms per liter. The constant of
1,17 x 1072 has been obtained by taking the ratic of current in micro=
amperes to the product of ¢he capillary characteristics and the nitrate
concentration in microgrem~atoms per literfas given in the last column
in Teble II,

The effeci of hydrogen ilon conceniration on the current was
also studied. In moutral solutions neither the second uranium wave nor
the nitrate wave occcurred., When the hydrogen ion conceniration was too
high, the reducticn of hydrogen took place at about ~1.2 v vs, S.C.E.,
making the method inpracticsl, It was found that the hydrogen ion con~

centration range of 0.005 to 0,02 M gave the best results and the current
remained constant in this range for a given amount of nitrate. One and

a half milliliters of 1 M hydrochloric acid per 100 ml. of sample gave
the desirsd hydrogen ion concentration.

"8“’



Il. Polarcgranhis Reduction of Nitrate in Swtbetio Ses Water contalnig ;

When this method was first applied to actual sea water, only
uranyl and hydrochloric acld reagents were added. It was observed that
the nitrate wave was distorted in such a manner that the current could
not be measured due to the lack of the flat diffusion current region.

The half-wave potential was also shifted toward the more negative side,
being approximately ~l.l v, vs. S.C.E., while the first uranium wave was
not affected at all, The distortion of the nitrate wave was found to be
due to the presence of flucride ioms in the sea water. Since the first
urapium wave was not affected it would seem that the uranium III ionms,
forming at the dropping mercury electrode, must have been reacting with
fluoridc ions., The catalytic behavior of uranium upon the reduction of
nitrate, thus, was greatly reduced, causing the wave to become 1ll-defined
and the wave height to boe much lowered.

If this method ;vaa to be applied succagsfully to sea water
analyses it would seem necessary to first removs interference by fluoride
lon. Conversion of the fluoride %o a stable complex ion appeared to be
the simplest means although it seemed conceivable that precipitation
methods might be successfully used, The efficioncies of a number of
cations complexing with fluoride were studied, 18ing a ﬂuoride-contaiqing
synthetic sba water medium. Ferric ions were first tried but were found
to be unsatisfactory. When the concentration o ferric ion was small, the
effect of fluoride was not eliminated completely’. When concentration of
ferric ion was more than needed for complexing the fluoride ions, the fer-

ric ions themselves were reduced, thus masking she nitrate wave. Alumimm

ﬂ9 -
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and zirconium salts vere next tried and found to give satisfactory results.
When the fluoride vas complexed with either aluminum or zirconiim the
nitrate wave was restored and the wave height became the same ds in the
absence of fluoride. The minimum amounts of aluminum chloride and zir-
conyl chloride requied to prevent the interference of the fluoride in sea
water, C1 = 19 /oo, were dotermined o bo 8 x 1074 M and 4 x 20”7 M
respectively. An excess of these rsagentzs did not affect the reduction
curren®, Aluminum cnloride was seliected for use with smea water beceuce

of its cost and easy svailebility. In practice an aluminum concentration
of 2 x ]_0"3 M was usod to assure the completc comple: foumaticn of all the

fluoride ions.

IITI. Polgrographic Determination of Nitrste ip Achual Sea Watar
A) Digscupsion of Inserferences

Nitrite is reduced in the same manner as nitrate end consaquently
interferes, but its current 1s only about three-fifths of that due to
nitrete (Kellin and Oivos, 1946). In sea water the nitrite concentration
is usually less than 0.4 pg-at./l. shich is too small to exert an apprecie-
ble effect. If end when the nitrite content in sea water is greater than
10 pg-at./1., though this is very rare, a correction should be made. The
concentration of nitrite can be roedily determined by the nsusl colori-
metiric method (Robinson and Thompson, 1948),

Phosphate if present in sufficient amount interferes by procipi-
tating the uranyl loris, In sea ;ater the amount of phosphate was so small
that no interference was obgerved.

Theoretically, ferric ions would interfere with this determinae~
tion, since they give a reduction current starting at zero appliad

.lo o



potential, But in gea water no current due to ferric ions was observed,
apparently due to the fact that they were in some complexed form.

Sulfate decreases the nitrate current as discussed previously.
In the sulfate concentration range corresponding to chlorinity values of
14 to 19 °/oo, the current was decreased by a definite proportion for
the different nitrate concentrations observed, being approximately 86
per cent of that in the absence of sulfate, as seen from Tables I and 1I.
Within this chlorinity range, the calibration curve, the lower curve in
Figure 1, or the equatlon given previcusly may be used for the determina-
ticn of nitrate. When the chlorinity is less than 14 °/oo, different
calibration curves should be used. For sea water with a low chlorinity,
it is suggested that calibration curves at different chlorinities be
obtained for use, or sulfate may be precipltated out with strontium salts,
In the latter cass, the interference of sulfate is completely eliminated
and the concentratlon of nitrate may be obtained from the upper curve in
Figure 1, or by using the Ilkovic equation which has been simplified to
the following form:

12 (1,35 x 1072) (a2 (o),
whereo 1 is the observed diffusion current due to nitrate in microamperes;
mz/ 3t1/6, the capillary characteristices; and C, the concentration of
nitrate in the sample in microgram=-atoms per liter,

In addition to the above interferences in sea water, it was
also found that water semples which had been stored im polyethyleme plas-
tic bottles gave a rapidly inereasing current at the potentisl of about
=1.1 v, va, S.C.E., thus masking the' nitrate wave completely. This was

possibly due to the fact that reducible substances in the plastic material

-11-9




had been dissolved in sea water, resulting in the appearance of this
current, Thus plastic bottles could not be used to keep the water

et s e it 1 b e

samples. Glass bottles were found suitable for this purpose,

B) Pregeryation of Water Ssmvles

In the sea, plenkton utilizes nitrate as a nutrient and bacteria
may decompose orgaanic nitrogen compounds forming nitrate ions. In order
to obtain the amauht of nitrate in sea water samples at the time they
are collscted, the anelyses should be made a8 soon as possible., But
since this method is impractical for use aboerc the ghip, possible change
in the nitrate content may result from the effccts of plankton and bace
teria during the time interval between the collection of the samples and
their determination. Consequently it is necessary to add preservatives
to the samples to prevent the above sctions from taking place.

Mercuric chloride solution, though frequently used for preserva-
tion of sea water samples, is not considered desirable for use with
samples to be analyzed polarogrsphically, becatse mercuric salts give a
reduction current starting et zero applied potential., Although the eure
rents due to nitrate and mercuric ione are additive and with addition of
definite amounte of mercuric salts it would be possible to apply a correc-
tion, the use of mercuric salts greatly reduces the sensitivity of this
method making 1t unsuitable,

Chloroform is also used as a preservative for weter samples.

It was found to be very convenient for use in this determination. Dis~
soivaed chloroform is driven off by aitrogen gats when freeing the water

sanples from dissolved oxygen. Any remaining chloroform in the solution

]2



does not interfere because it is not reduced at the dropping mercury
electrode, Determinations showed that samples to which chloroform had
been added several days before gave the same nitrate recults as just
before its sddition. The addition of 1 to 2 ml. of chloroform to each
300 ml. of sample was found satisfactory.

In view of the previcus discussions, the following procedure
for the polarographic determinastion of nitrate in sea water is proposed:

As soon as the water sample is brought eboard the ship, 2 ml,
of chloroform are added to each 300 ml. of sample and the samples are
stored in glass bottles in a dark and cool place. They should be
analyzed for nitrate at the sarllest possible time.

One hundred milliliters of water sample are measured into the
electrolytic cell with a pipet, 5 ml. of uranyl acetate solution and
1.5 ml, of the aluminum chloride=hydrochloric acid reagent are added.
The dissolved oxygen is removed by washing with nitrogen gas and the
polarograms taken immediately. The current at -1.2 v. vs. S.C.E. is
measured and the nitrate concentration is obtained from a previously
determined calibration curve or from the equation:

1 = (1.7 x 10°2) (a2 2eV6) (),
after correction for the residual current of uranium has been made.

D) Yalidity of the Nethod

The validity of this msthod was tested by determining the nitrate
contents of sea water samples befors and after the addition of known
amounts of nitrate. The results sre shown in Table III,

«13e .



TABLE 1II.
Test of the Validity of the Method

Chlorinity Ritrate Concentration, ag-at./l.

9/00 Originally Present Added Found  Difference
16,40 00 100 9.8 0,2
16,20 5.2 10,0 15.1 -Q.l
15.47 12.5 2.0 32.0 «0.5
16,47 .5 2.0 - 34.5 0.0
15,95 1.7 40.0 54.7 0.0
14.34 17.0 20.0 37.0 ' 0.0
16.40 18,5 10.0 28,7 0.2
16.7 22.3 20.0 42.4 0.1
16,60 23.5 10,0 33.2 -0.3
16,48 23.5 20,0 43.5 0.0
16.71 Ly ody 20,0 447 +0.3
16.62 25,5 20.0 4505 0.0
16.14 26,5 40.0 €6.5 0.0
16,78 27,2 20,0 48.0 +0.8
16.69 28,0 20.0 48,0 0.0
16.44 29.2 40.0 €3.0 -0.2
16.89 29.4 10.0 39.4 0.0
16.75 29.4 40.0 73.0 +0,6
16,91 2.8 10.0 33.6 0,2
16.74 31.0 20.0 5.3 0.7
19,05 46.1 10.0 55.0 0.1
19,08 47.2 20.0 67.0 0.2

Average deviastion -_;_:5:;5
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It is seon that the concentratlons of nitrate obtained after
the addition of known amounts agree very well with the sum of tho mdded
and the actual nitrate contents in the samples. This not only indicates
that the proposed method accurately determines nitrate, but also that
the calibration curve obtained with synthetic sea water with a chlerinity
of 19 °/oo 1s applicable equally well to ths analyses of sctual sea water
samples over the chlorinity range of 14 %o 19 ©/oo,

Several series of sea water samples wer; collected from East
Sound and San Juan Chamnel in the Sean Juen Islands and also from the
Pacific Ocean. They were analyzed following the procedure outlined
previously., The stations selected offered for analysis waters of differ-
oent types and of the maximum range of nitrate comeentrations which would
normally be encountered. The results are shown in Table IV,

East Sound is essentially sn enclosed basin with btut littils
exchange of waterec with the adjoining water bodies. The water in East
Sound is also stratified. At the season of the yecar when the samples
were collected, its water supperted an abundant diatom population which
rapidly depleted the water of nitrate.

The waters of Sen Juan Channel are rather uniform in distribution
because of vertical mixing. The water itsolf shows thes effect of dilution
by éhe Fraser River.

The ccean station offered depth samples rich in nitrate and gur~

face samples with reduced nitrate concentrations.

~}5
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TGS Y
Anairysew of Sca Weter Samples ifor Nitrate

Best Sound, San Juan Islands, 482 40.3° N, 122° 53.7° W
July 11, 1952.

Depth, meters Hitrete Conc'n, ag-at /1. Chlorinity, 9/o0

0 0.0 16.50
5 0.0 16.49
12 \ 0.6 .
18 0.0 16.38
23 0.5 16,66

Sen Jusn Chanrel Cfan Juan Islands, 480 35Y N, 1232 01" W.
July 11. 1952

G 9.6
5 1L 7
10 4.5
20 1.8
50 13.5
100 13.4

Pecific Ocean. 48% 30 Ii, 136° 30° W, Juiy 7. 1952.

0 6.9 17.99

5 59 17 99
10 5.5 17.99
20 7.8 17.99
30 3.2 18.01
50 5.3 18.05
100 5.2 18.06
200 22.0 18.65

=16



TABLE IV.

300
500
750
1000
1500
2000

(Continued)

3.5
38.2
“41.5
46.6
42.2
47,2

-17~

18,73
18.85
18.93
19,01
19,05
19.08
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The results shown in Table IV for nitrate are in general agree-
ment with the previously reported data for these waters (Phifer and
Thompson, 1937; Sverdrup, Johnson ané Fleming, 1946). It may be cone
cluded from these results that the method ylelds satisfactory results
when applied to the analysis of sea waters.

IV. Appijcstions

This method may also be applied to the determination of nitrate
in fresh maters. Since no interfering ions are preseant in sufficlent
emount in frosh water, the determination of nitrate may be performed
sinply by addirg e supporiing electrolyte, such as sodlum chloride 3o
make a 0.1 M solution, to the water samples anc then followlng the same

procadurs ags outlined previously. It should also be applicable to other

ealine waters eimilar to sea wator,

18~
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